I n intermediate energy nucleus-nucleus c o l l i s i o n s , non-equilibr ium 1 i g h t p a r t i c l e s a r e o b s e r v e d t o be e m i t t e d p r e f e r e n t i a l l y i n t h e e n t r a n c e c h a n n e l s c a t t e r i n g plane , / l / i n d i c a t i n g a c o l l e c t i v e motion i n t h i s p l a n e and t r a n s v e r s e t o t h e beam a x i s . / l , 2 / M i c r o s c o p i c c a l c u l a t i o n s with t h e Boltzmann-Uehling-Uhlenbeck equation i n t e r p r e t t h i s e f f e c t i n terms of t h e d e f l e c t i o n t o negative emission a n g l e s by t h e a t t r a c t i v e n u c l e a r mean f i e l d . / 3 / Since the c o l l e c t i v e motion i n t h e nuclear mean f i e l d 1s damped by individual nucleon-nucleon c o l l i s i o n s , t h e r e l a t i v e importance of p o s i t i v e and n e g a t i v e e m i s s i o n a n g l e s i s s e n s i t i v e t o t h e i n t e r p l a y between mean f i e l d dynamics and two-body d i s s i p a t i o n .
W e have addressed t h e s e i s s u e s experimentally by determining t h e s i g n of the average emission angle of non-equilibrium l i g h t p a r t i c l e s from the c i r c u l a r p o l a r i z a t i o n of associated Y-rays emitted by the r e s i d u a l nucleus f o r 1 4 N induced r e a c t i o n s on 15'Sm a t E/A = 20 and E/A = 35 MeV. For t h e s e mass-asymmetric systems, t h e l i g h t p a r t i c l e s p e c t r a a r e dominated by non-equilibrium processes./2,4-5/
The experiment was performed a t the National Superconducting Cyclotron Laboratory a t Michigan S t a t e U n i v e r s i t y . A m e t a l l i c s e l f -s u p p o r t i n g '5*Sm t a r g e t of 11 mg/cm2 a r e a l d e n s i t y was bombarded with '*N ions of 280 and 490 MeV energy. Light p a r t i c l e s w e r e d e t e c t e d w i t h f o u r AE-E t e l e s c o p e s a r r a n g e d i n a d o u b l y s y m m e t r i c geometry/6/ a t polar angles of 0=30° and 60° and azimuthal a n g l e s of @ = O O and 1 80° with respect t o the beam a x i s . The c i r c u l a r p o l a r i z a t i o n of c o i n c i d e n t Y-rays was measured with two forward s c a t t e r i n g polarimetera/6/ positioned a t 0=90°, @-90° and 0=90°, @=270°. The p o l a r i m e t e r s had in-beam a n a l y s i n g powers of 1.30k0.258 and 1.20+0.25%, a t t h e bombarding e n e r g i e s of E/A=20 and 35 MeV, r e s p e c t i v e l y . Only s t a t i s t i c a l e r r o r s a r e displayed i n t h e f i g u r e s . 
JOURNAL DE PHYSIQUE
The m e a s u r e d l i g h t p a r t i c l e e n e r g y s p e c t r a a n d Y-ray p o l a r i z a t i o n s a r e shown i n F i g u r e s 1 and 2. The c r o s s s e c t i o n s a r e f o r w a r d p e a k e d a n d t h e e n e r g y s p e c t r a e x h i b i t n e a r l y e x p o n e n t i a l s l o p e s i n a g r e e m e n t w i t h t h e t r e n d s e s t a b l i e h e d p r e v i o u s l y f o r non-equilibrium l i g h t p a r t i c l e emission./4,5/ P o s i t i v e p o l a r i z a t i o n s a r e o b s e r v e d a t b o t h e n e r g i e s and e m i s s i o n a n g l e s . The magnitude of t h e measured p o l a r i z a t i o n i n c r e a s e s w i t h i n c r e a s i n g e n e r g y and mass of t h e c o i n c i d e n t l i g h t p a r t i c l e s . No s i g n i f~c a n t d e p e n d e n c e o n beam e n e r g y i s o b s e r v e d . For a g i v e n p a r t i c l e and energy, t h e p o l a r i z a t i o n i s s l i g h t l y l a r g e r a t 0=60° t h a n a t 0 = 3 0°. I n our s i g n convention,/6/ p o s i t i v e c i r c u l a r Y-ray p o l a r i z a t i o n s correspond t o negative d e f l e c t i o n a n g l e s and v i c e v e r s a . Our e x p e r i m e n t c l e a r l y e s t a b l i s h e s t h e p r e f e r e n t i a l e m i s s i o n o f n o n -e q u i l i b r i u m l i g h t p a r t i c l e s t o n e g a t i v e emission a n g l e s , c o n s i s t e n t with an a t t r a c t i v e n u c l e a r mean f l e l d a n d w i t h m e a s u r e m e n t s a t lower energies./7/ The s i g n is o p p o s i t e t o what is expected i f o n l y shadowing by t h e r e s i d u a l nucleus would a f f e c t t h e p a r t i c l e emission./2/ For l i g h t p a r t i c l e e n e r g i e s o f E/A = 35 MeV, P i n c r e a s e s approximately l i n e a r l y w i t h A a s would be expected i n Y a coalescence model of l i g h t p a r t i c l e production. 
0° a n d 6 0°, r e s p e c t i v e l y . The lower p a r t s shows t h e i n c l u s i v e energy s p e c t r a f o r t h e corresponding l i g h t p a r t i c l e s .
Fig. 2 C i r c u l a r Y-ray p o l a r i z a t i o n s p l o t t e d a s a f u n c t i o n o f p a r t i c l e e n e r g i e s f o r p , d , t , a n d a (upper p a r t ) f o r E/A = 20 MeV. Closed and open c i r c l e s c o r r e s p o n d t o m e a s u r e m e n t s i n c o i n c i d e n c e w i t h l i g h t p a r t i c l e s d e t e c t e d a t 3 0° a n d 6 0°, r e s p e c t i v e l y . The l o w e r p a r t s shows t h e i n c l u s i v e energy s p e c t r a f o r t h e corresponding l i g h t p a r t i c l e s .
We h a v e performed numerical c a l c u l a t i o n s with t h e Boltzmann-Uehling-Uhlenbeck (BUU) equation/2,6/ f o r 14N+'S*Sm c o l l i s i o n s a t E/A=35 MeV with impact parameters between b=l t o 10 fm. The impact parameter averaged azimuthal d i s t r i b u t i o n s of nucleons w i t h e n e r g i e s l a r g e r t h a n 30 MeV, e m i t t e d a t e=30° and 60°, a r e shown i n F i g u r e 3. I n t h e f i g u r e , p o s i t i v e and n e g a t i v e s c a t t e r i n g a n g l e s correspond t o @=OO-go0 and @=go0-180". r e s p e c t i v e l y . The c a l c u l a t i o n s p r e d i c t t h e p r e f e r e n t i a l e m i s s i o n o f n u c l e o n s t o n e g a t i v e a n g l e s , i n q u a l i t a t i v e agreement w i t h t h e experimental o b s e r v a t i o n s . To allow a more q u a n t c a l c u l a t i o n s . @ > 90° corresponds t o n e g a t i v e s c a t t e r i n g a n g l e s and @ < 9 0° r e p r e s e n t s p o s i t i v e s c a t t e r i n g where A . P . ( 8 , E . ) and o ( 8 . E . ) d e n o t e angles.
i t a t i v e comparison w i t h t h e d a t a , we have c a l c u l a t e d t h e c i r c u l a r p o l a r i z a t i o n , <Py>, predicted by t h e BUU model assuming t h a t t h e r e s i d u a l n u c l e u s decay v i a s t r e t c h e d E2 t r a n s i t i o n s . The predicted p o l a r i z a t i o n
t 20% i f o n e a c c o u n t s f o r n o n -s t r e t c h e d t r a n s i t i o n s . / 6 / I n c o m p a r i s o n , t h e c a l c u l a t e d p o l a r i z a t i o n s a r e l a r g e r than t h e e x p e r i m e n t a l l y o b s e r v e d p r o t o n p o l a r i z a t i o n s of .O7 b o t h a t 8=30° and 8x60 O . However, t h e present c a l c u l a t i o n s d o n o t i n c l u d e e m i s s i o n o f c o m p o s i t e p a r t i c l e s which have l a r g e r m e a s u r e d p o l a r i z a t i o n s . I n a c c o r d a n c e w i t h t h e coalescence p i c t u r e , one may a s s e s s t h e e f f e c t s of complex p a r t i c l e emission by e v a l u a t i n g a n " e f f e c t i v e n u c l e o n p o l a r i z a t i o n v a c c o r d i n g t o t
1'
m a s s . e x l~e r i ' l m e n t a l \ v m J e a s u r e d p o l a r i z a t i o n and c r o s s s e c t i o n f o r p a r t i c l e i and i = p , d , t , a . For p a r t i c l e e n e r g i e s E/AZ30 MeV, t h e e f f e c t i v e p o l a r i z a t i o n s a r e P ( 3 0°) = 0 . 1 7 f 0 . 0 3 a n d e[f. Pe f(60°)=0.12+0.03. Considering t h e e x p e r i m e n t a l uncer a l n t i e s of t h e a b s o l u t e c a 5 i b r a t i o n s of t h e analysing power and the t h e o r e t i c a l u n c e r t a i n t i e s i n assigning weights f o r the composite p a r t i c l e ? , Peff(8) and <P (8)> a r e i n good agreement. Y I n order t o a s s e s s the importance of the nucleon-nucleon c o l l i s i o n dynamics, we have performed BUU c a l c u l a t i o n s with mean f i e l d only. For s i m p l i c i t y , c a l c u l a t i o n s were o n l y performed f o r one impact parameter, b=6.5 fm. The p o l a r i z a t i o n is l a r g e r by over a f a c t o r of t h r e e with mean f i e l d alone. Thus t h e magnitude of t h e c a l c u l a t e d p o l a r i z a t i o n s r e f l e c t t h e b a l a n c e between d e f l e c t i o n by t h e mean f i e l d and randomization of the p a r t i c l e v e l o c i t i e s by nucleon-nucleon c o l l i s i o n s .
I n summary, measurements of the c i r c u l a r p o l a r i z a t i o n s of Y-rays i n coincidence with l i g h t p a r t i c l e s i n d i c a t e t h a t n o n -e q u i l i b r i u m l i g h t p a r t i c l e s a r e p r e d o m i n a n t l y emi t t e d t o n e g a t i v e e m i s s i o n angles. Negative emission angles a r e c o n s i s t e n t with 'the d e f l e c t i o n of non-equilibrium l i g h t p a r t i c l e s by an a t t r a c t i v e n u c l e a r mean f i e l d . C a l c u l a t i o n s w i t h t h e Bol t z m a n n -U e h l i n g -U h l e n b e c k e q u a t i o n p r e d i c t p r e f e r e n t i a l e m i s s i o n t o n e g a t i v e a n g l e s and s u g g e s t t h a t c o l l i s i o n s b e t w e e n i n d i v i d u a l n u c l e o n s r e d u c e t h e p o l a r i z a t i o n s s i g n i f i c a n t l y below what might be expected from mean f i e l d dynamics alone.
